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(54) METHOD AND DEVICE FOR DETECTING SAMPLE MOLECULE IN CARRIER GAS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method and a device by 
which sensitivity is remarkably enhanced in mass spectrometric 
measurement on the basis of resonance promoting plural photon 
ionization. 

SOLUTION: A method and a device are constituted in such a way 
that a dispersed stream of carrier gas 120 is generated by the 
carrier gas 120 expanding in a vacuum by passing through a nozzle 
40, a sample molecule absorbs a photon in an ionization zone 126 
of a carrier gas flow 120 and is selectively ionized, a sample 
molecule ion is generated, the sample molecule ion is pulled in a 
mass spectrometer by an attractive electric field, and the sample 
molecule in the carrier gas stream measured by the mass 
spectrometer is detected. A continuum zone of the carrier gas 
stream 120, a molecular beam zone of the carrier gas stream and a 
boundary between the continuum zone and the molecular beam 
zone are found, and the sample molecule is ionized in the vicinity 
of this boundary. A resistance (xT) of this boundary from a nozzle 
outlet opening is found, and the sample molecule is ionized at a 
distance of about 0.5 xT to about 3 xT. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiners decision of 

rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 
[Date of final disposal for application] 



24.11.1995 



httrv//,MUfu#1.Q inHI nr.ini crn in /PA 1 /rpcnlt /Hptail /main Aa/A A An! aAnCDAdOM?? 1 ft 1 P1 htm 



2005/12/20 



Searching PAJ 



2/2 ^— is 



[Patent number] 
[Date of registration] 



2807201 
24.07.1998 



[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiners 
decision of rejection] 
[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



ht+n-//www1P inHI nr.\n\ cm in/PA1 /result /de.tail/main/wAAAo7a4oCDA4082221 81 P1 .htm 



2005/12/20 



Q0>B*Mffff ( J P) (12) & H 4* It & * (A) ("MHH«ft»* 

#$§¥8-222181 

(43)&B§0 ¥^8^(1996) 8^300 

(5Dinta. 6 mam frmm&^ fi a**w«»f 

HOI J 49/16 HOI J 49/16 



# «#«©£SC47 OL (£16 JO 





#^¥7-305939 


(71)HMA 


591023631 










(22)ffii!0 


7 ^(1995)11324 3 
















P 44 41 9 72:4 




hWy*»#SiB, 53111 (Sift 


(32)®£0 


1994^11^25 0 




fcL) 


(33)g£«±SB 


My (de) 


<72)9Egj# 










70597 XhfryM 
















78 






(74)ftSA 


#g± 5B3 ft W3« 











I 

(54) BSS8«!>*fW *^'Ji'-^X" : f'fflD->^^©MtU^?itg@ 

(57) ami 
ftTS. 

wn«*>6©SB (xt ) -y->7>#?« 

8)0. 5 xt ~$3xt ©S§8BT-f:<J->lb£tl-5. 




1 

-fr>*£&u •y->^;u» ; f'f^>tt?l*««i;J;o 

SSfi/X^ffln^pgi5^?.fflffilS (x) *tfi<i:on 
X)i\hu^am^o^.m (x) *^e»ics<?5:-3Tfc 
w . Rcfje«i# , /->tiH?t;-/»'/->©wi©** 

Mo. yXJl/tBQMn^^oSSi (xi ) jjujfcas 
•n, /X^HJPHPO^SI&O. 5x 

t ~«3x, ©S6S (x) T>f*>ft*n5ri*»a 

[mm s] v-yJMFfifi. /XMBaM 

8xi ~!52x, , Jf*KBf50. 9 x, ~*5 
1. 5xi (Dmffi (x) Tl'^MbSnsriS^mi: 

|57cmm $?$b<«$3 cm*^©KI8 (x) T 

<i*>{tntiz> c t *w»t-r« i ~ 3 ©urn 

a»i«fcB*©;aFft. 

5 ] 19 3 c m*«l. ff * 0 < tt 

*52 cm*SS©^**r4fflA»5ia*-®St«t^T 

3B^r 5 - 1 *®mt-r%m$m 1 ~ 4 ©urn* 1 5 

^jg 1 ~ 5 ©urn* 1 ^ci5«£©^j£. 
[gt*B7] +^uir-^x©^;vxft$nfcssn 
iieo. ism mh<\mo. 0 5*mwvu 

*«s©MCEasnfc#«v-^Hc«t-3T»Ksn 
set t-fzmxm 1 ~ 7 ©i*rn* 1 miztz® 
©m 

t tr«»*B 8 fciB«©m 



#i¥8-2 2 2 1 8 1 
Jl 8 ~ 1 0 ©<^m* 1 SfcfBK©^?*. 

w^jk 9~ii ©v>rn# 1 jRcfea©*& 

-;H««>6lB*c:i:S#*tr4lll**9~i 2©^r 
n*usci3«©*ffi.' 

[»*wi 4] sia*«ffit. 3ia*«ait*R«fc 

Tj£#S¥ffifc#M«££#»&3l*^$*^£rs C 
4:SWRir*»#9(l~'l 3©V>m*13lfcfB*© 

3i#mi§*f££u tf>x;i^©<r>fc©i&c:Sfctti 

4 ®^rn* i ske*©^. 

r>te > ./->*s, 3i^*mffi©rta5©, 3i#w§fE£ 

3l&***©«tt±©#S£j£-e£b*»fcfc*< 

s#® t r-ss*® i~i5 ©urn* 1 'gttciB^©* 
mim 1 7] «»B3&Si*aiatftv>«»©a : f'tt. 

ffi P IBKfcWfc «fc o T«*#*rfW» a«2 n* £ 
W©5l**«©*«(ftffi©tt**ift»*^tS4*ai:r 

•ssi*^ i ~ 1 7 ©^rn* i stcfs«©^j*o 
[mm 9] i»»«fttrtfcsi*a*n*-9->^/i' 

)K*W#ilK:«t^T, lt*»«rtt©ttfc*K» 

t¥frae»±c**n« ^ tstsa tr4»*s 1 ~ 
1 8 ©wrn*» i aicssft©^^. 

3ia*«a©*(*±o*as^n?SE*>*«»Kiii< n t 
ftWRtrs»«ai 9irtB«©m 

fflr«ct*»«tr*ii**i~2 o©v>rn*m 

[»*«2 2] *H6uc#««ttWt?^snfcy 
x^*«fflr*iii:s#ai:r*«*«i~2 i©^r 
n*iJfiKia«©*fc 

[H*^2 3] ^>|"v(Z)+tUt-^OiSt:<t 

u ¥ - ^x«©-t r >ic*^T-y->x;^^ { 



3 

£&tB-r-5itg>©g^T£oT. -f:*Xt7->(126) 

a\ *-fj-f-#xfiit(i20) conT3fc»£n-&a^# 

>/- > (122) * 'J # X fflftB y XJK40) ffl P ffl P 
gS(44)*^«DfE» (x) *ifi<C^nfiT1"-5) £** 
'J ^-^85(120) »cr?ViT*»6n5^f-tf-A7- 
>(124)(/X;K4O)ffiP08P*8(44)^&©Kl8 (x) # 

fcffiTfiCtB&W ©Pel©, *-v'J^-#;*S8(l2 
o) C3HT#ft6n-5*ff#iECE«*nfcc;t*» 

[gf#3t2 4] -fjOflsr/-***. /XJK40)fflPBB 
pgg(44)*^«&0. 5 xi -$93 xt (xt B, Sffift 
7-X122) t»fk , -A , /->(124) ®^©«^©. 
/X;K4O)£HP0BP£B(44)*>e>©E8l) ©&8S (x) £ 

[■MM2 5] -f*Xfc;7->(126) **. /X;K40) 
{HP HPS? (44)A>6*50. 8 xt -#92 xt . #£b< 
B*90. 9xi ~#9l. 5xi ©KBIS:*TS^i:S# 

mtr^mMm 2 4 ictae©gs. 

[W^S 2 6 ] -f * >ft > (126) y (40) 
ajPBgPg8(44)A^»7 cm*SI, fftL<BS3cm 
**©HI» <x) $W1"-S.-<t^#®«i:1-5sf*«2 3 

~ 2 5 ©ui*n^ 1 -mmmo&m.. 

mim 2 7 ] 3l*«*^#IS^ #9 3 c m*#§. 
Sf 4 K Bid 2 c m*a©#ft*#r*tii*»3l&** 
«<71)*flAfcC£6tt«i-r4lll#312 3-2 6©l> 

■ffl^lWcE«©SB. 

IH#»2 8] /XJK40)^. A;^ftSnfc**U 
i»-;tfX8&(120) ^^a-B-SA;^$tl75:/X;UT* 

*^t*»t»fr*ai*S2 3-2 7©tA-ftt#igu: 

fBSt©gg. 

[M#»2 9] 190. 15« !fSL<li»0. 0 
5*jfi©/^^/*±©it^^^Snfc*t l Ji'- 

#xs&(i20) *<. /^i/xanfcyX;K40)c«kr»T^4 
[«*a3o] gsao)**. /x;K4o)i§i&*e® 

(7D©MKE«**ifclHB->-^ H <96) £{if A/fc i £ * 
^ltt^i*^2 3-2 9O^1*n^l^lClHS0S 

e. 

3 1 ] P (96)*t5ia*«S(71) s 

[B*«3 2] »*->-JPF(96)j!)«. 3ia#*«(71) 

[»#«3 3] #*5/-^H(96)*«. **'Jir-^ 

tt^ ^^fiicaiiPiigTfe^. c £ tr*»*« 3 

0-3 2«5^-fn*WJSlcE*©8*. 
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l»#B3 4] #l->-)UH(96)^ 5ia**fil(71) 
£#fc £ 6 K5l*«!&*4*H»JSft (88) ») Htf Z. £ 

z#mttz>to#&3 1~3 3©^-fn*»i^tiB«© 

[ffl$9 3 5 ) mm is-ft H (96) **. * * 'J f - # X 
»(120) ©APBfiP$(98)£fflPMPgi5(100) S^-f* 
£££#®£TS»:£«3 0-3 4©nTtl*U^Jc8S 

«©gs. 

JO 85(120) ffl$ft*aoTjC^S¥fflCHL. 3l&*m®(7 
1) C*R W C#»fc2fGJ«ffi (88) £ffi X. fc £ £ £®® £ 

-r-sn^s 23-35 (DH-ftup i ^.cebo&b. 
-r # wis ©is fcft m a nfctt? *%ifijsffi (88) icx d a 

tffc©fflAP^ Pg&(92) S^T-5*f[SjHS(88) 
d££!f$»a:T-5Bl3fcS2 3-3 6 ffl^-fttrtU^lClB 
fc©gB. 

i»**3 8] 3i&*«K7i>*i. -t*wis7-wi 
a? #a£f4«*5i2 3-3 7©vj-rn^ i^icts®©g 

So 

©£fl©S>B£&:3flffi£#Sttfc#LfcV>#fiS*fi(8 
8)*«AJtCt*»atr4»*B2 3-3 8©^rn 
l «lrte«©Sig. 

'[»*B4 o] siawmv ■y->^^'f *>ft-r 

* Mb 7- > (126) 6 . §1 (71) ©l*|g&©*K 

69 IC 3I&*«® (71) 0««±fl3*a^A (74) T^b * B 
K(130) lC«<<k5{C> 5l*«*»4*R3^«lt«nfc 
39 Z.k*®®lt?Z>nT&%2 3-3 9 
«©gg. 

[SMSB4 1] ^S(IO)^. §1^*188(71) rtCEH 
snfcBBPMttW**^. WEKtt«*^ Mf3^(74) 
*a5*:t»«tt(130) S#t«tS?*«a^«ffK56)* 

(126) £3l&#«S(71)©ffl©3l#S®©^«(£®(12 
8) ©ft^^iS^^fc*©, §|ji*«ffi(71)tRfflt?± 
ffi€tt©S«^«S(80)S:{fiAS^i:*#®£T-5a! 
2 3 - 4 1 COI^-ftt^ 1 «lCfB®©SB. 

(126) £#mM(88)©ra©5IA**©*«ffiffi(128) 
©ft$*Bfe-5fc*©. ^^@(88)lC[BiaTAifi*fi 
©m^^mS(94) £^(6]Sg(88) C £ Sr#m 

£T5^S2 3-4 2 ©^"ftl^ 1 ^ICiS«©g®o 
[»*^4 4] gff(10)^ Ha»«ftK56)l*ifcgi# 

ii4nfc-9->7^ : f'r^>^. ®s^tt(56)©ai^ 

*£t*»«£-r*BI#*2 3-4 3 0t»-fn*>l*K 

5^ I2«rogg. 



t 



\ 



(4) 

5 

Wb7->(126) 3l&**g(71)©F>gSS©. 3i& 
(71) ©£&!:©#»££ (74) T*R M ic£ fc 4g 

a (69) a*, tcomM. (74) a*y- > xju^ -y 
ssd3o) ©55^»w-a-r*<tpjt?iji**s(7i)tji« 
(56) <D®\zm&is nt z. t t? z taxrn 4 

4 

[»#B4 6] Jia»«flK56)*»'J7U'^hn>-e* 

siits*afr-5ai*JB2 3~4 5©v»rn)8»iflK: io 
t2®©se. 

fr$ftmznitz.tL&ftmt.~?z>toiii&2 3~4 6©^ 
rn*»iwcB*©8«. 

[^©KSBIfclBW] 
[0 0 0 1] 

©t)->X;k»^©&ffl£&cwr4fc©T&D. 

-5. 
[0 0 0 2] 

onance enhanced mul tiphoton ionization) J ffl^3lT 
XStioa'&Jit^T****. £©ffl§§fi. 30 
J?W**l , ^>-fbfr«ffl^nsXn-ir7.©*CK«T 
5. i©S^£ffl^-5t, l><0#©»giffl1J->X)l/# 

at, zn<i<D®mt> wAtf^**->>©a<aaf£»~ 

:^T(J+#T&K 0J*Jifm#X' : f'©H7 CDD© 

©ttfc£#*ifc^©-tftfcH*£i-r*i«, ^J3ffi© 
[0 0 0 3] Sot. #5gHJi©S#«&SMtt, ±ffi© 

[0 0 0 4] 

[«W**»t*fc©©*aRtf»9i©»*] 

vu^-^«©a»#v/->fc*^T, 

•SK^nrffiTU UI'-tfxflK©^ t:-A7- 
>{cis^T«. ^'Jir-fiflni/XMBniflPfllWS 
©&gif (x) At*<ftoT"b*RWt*6ltl4ftTii- 
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©^©^#jcj5i-w^>'(t; , /->i-^v5T'f^->ft$n 
4. t^ofc#®* ; rr4*stJ:oT^$n5. 

[0 0 0 5] JfoHMT-YxTa. *-vU-f-#XflfE»i. 
* $ 4> ©IS3g © fS fc*Sf§ »c ^fiT 4 © T- tefc 

BfW>i : tji©JtT^-5T7AS©tiiniH^T-5c *(S 
figfcfe^stRcyx;nflp»pffi*^©ffiissT» * 

[0006] ^^'j^-^xagtt, 

^(particles) ®^#ffi©4f <fcDa?ifffl#8;Tai£S 
C© r3£jt(translational) M£j £9IC fflg 

^©fiWfis^i/iTffifiwass^aj^^n-scit^ 
e., nne>©stfttVi-fnt>/x;miPMpap*>e)*H 

[0 0 0 7] *^u^-#x#W£tfT&<ffiiM->:/ 
^©saaa^Ria&aiii:* 1 *?). 

p«©ni;Ki8)3 i &*HWfc-€-ne[±Bfflu/s^. Tie 

csi€$n&ia«*i2:sij*i*, fflfg rumi «; Mat, 
me. &otfi»k:s^<fifl[©i8^»ffletUT«ffl-r 

[0008] yx^tUPWPattfiffifi«fcaTae« 

©H©*V'J^-^X^©ffl«Sr raSc^V-Xconti 
nuum zone)j t$ft. J XKlJPSIP$a»£ d©a^ 
V-><fc0 2Sfcjfc©**Ut-#Xift©£&£ r^)~p 
fcf— A 7— Xmo 1 ecu 1 ar beam zone) J bMt%- %-i 

^■y-itomnmt, mmtmmz, +tut-^s© 
-f * >-ft y cod- y ■ffrft^<DMmtfi& < & a tiito 

L, aoT*tt#7->Ctt«UT#7hf-A'./->© 

En-ran trtt, *6c*sf*c:tttT*aw. 

[0 0 0 9] •u->7^P*tttai"*^ p n-kx««tt. 
»e©EBf (x) tf&<t£ZZ.t\zft?** w-% 

zffi<D%m<Dtcib> ggtx©i»c*KWicsitwr 

*tt4«t)?rtBtt©**a*!ttt««tt. ittt*7-> 

t^H-AV->otti («9Atf, /X;«gtyx 
* > X;V^ ;6 S d ©^l^jfi < Tr-f * >ft;$ nfe t € left 



t: 

i 



( 

7 

[0 0 10] Z\<DZUt, ?>7)W?<Dtb%*tctfjz 

x*©5SKfc«fc*** 'J (&otd->Xju 
jwbpbbpb?*^©®!! (xt ) flfcfcasft. -tf->xju 

/X^fflPMPW*^»0. 5xi ~#J3xi 
©£81 (x) TM^XfcSnS. ddT. ISSx! tt* 

[0 0 11] /XMiPHPffl^SiftO. 8xi ~&2 
x, , $6C»Sb<tt»0. 9xi 5 xr © 

mm (x) T-9->X;i/»^H*>-ffc$n5e:i^#t 

0: > /->t^e-AV->©rDi©^#©v /xmip 
HP«ti>&©Eft (xt ) a. yxjumutmtJXA 

\ZR&tl£*<Dmmttb\Z&<?£Z>. CUT, ffAt 

taPESO«iDttt>l-/X-il/SfiSH««Eft i bSfc« 

s. yx^E#£ manga. *iru-f-#xs&©ast 

->*t. /X;UfflPWPSW>&©¥*Sffil8TiKl7 cm* 
[0 0 12] **U1'-;tfX©A;l^85;GVW' 

^XSSB. *50. 15*81. »*L<tt^0. 0 5*® 

fc> ft&Xlitii&JBKsnoij t-shaped) ©3l&*SS(pul 1 i 
ng electrode) C<toT§l^€^(electrical pulling 
field)^*t-T5®-&. ^©ftgtt. /XJWHPWPrW 

t-r * >m©jbk© 2 & «t o /hs t» ii t *qrs 
-ytj X)v& am pa5©mo««t*»fi < tu->:7># 

^-f * >^-?-©lrllc^-o T®l##rfr fc ?l^*n-5 <h £ 
T%. ?lii^l!@©tBP* { 'r^MkV , ->©il<"ifi<t' 
gagSns^fcpJfgfCU Its.. ISm Xteftffi 
Srfefce.-r^i:* J $>S*t , J-ir-^XXHTlfi©+)->XJU 4 
#?fc©«Sftfflfc£:>T£U*ttt£ffl**£tt@* 

■r*fc©. -i*>fcBfiiti\&?>-mmxam<D. +r>x 

[0 0 13] yX^t3l*«B5643ia*«li:fflS« 

A^ini^Tfe- /x;n'<t-s?i*^©i»fe>^ffl3i* 
s att a £ * , y x;ut 3 i&#««©ffl tea s 



, #Bl¥8 - 2 2 2 1 8 1 

£T©B£b£tf>:/;i^-f *>*£©«(* 
©^icfti^$-ns. 
[0 0 14] Sfc. ^miz-^HSWAtftt^W^^Jw 

tt*+'jir-#;*tt?©» *-Hj-t-#x8S 

a©|B]©««^©itXXtt»S->-;l/ r-'J:T5§tbfc& 

©3i&*«tt^©**fc*3tA©j&8w 1 *s**'ia. / 

XJWfc«kt>T4i;-&<«I6*©5*)i>63l*««6±#ft 
lc«BT*&». »t->-*F«>.' 3l&*«fflfc#C3f 

[0 0 15] XPBIO«*a-3T»«->-^HC 

a o t a p n p &ao r%>my-)i> h *» s as * * * u 
•^-^xffEirioT. **y*-#x»fc3l&*««© 

W©««^©Xtt?lii**ffi^©*^ 'J "f-tfXjSrf © 
±T©*«£fc*a*ir*J:<»<;: 3(2= 

X«?©tt«a-3 Tj£*»3¥Bt*SWI-S^fi:(ant isym 
metric) «i:SI*«l«l4a*«Ci3Wf*UW. 
[0 0 16] APB8PS6S ; fr-5^«ffil"«tt)T§r* 

APBBP8BS®-3T^lRl«ffifc3l*S«R:J;oT 
3.&£ttS LU. £©;i<ktt. »Inimffi©* 

fcM$n-5c:ne.©m^. #*3is#*T#r.cA*i£ 

TXtt-f *>C#|pJttffiffl«ffi©fl-Tig?£U Xtt** 

u^-tfx^*-*;*^^ i©J;5tC-y->X;l'^ 
[0 0 17] *>7MFM*>* 

■HcyteJ—y-frh, 3i&*effi©8Mstt©3i&#«ffi 
rt«©*«j«Tiwwfcasb*«i±c«< eta** 
c©c£& u->7;wfr*-f *>©£** 
a!iwwK:i*<i8sn, m\z&v'&wt<*y*& 
m at i o TSft^*fw©«f> ics^ns c t 

[0 0 18] g®^'f^>3Tj^M«MS©fcft(C«. U- 

> x;^^ ©-f * >ftfi»fta'«Ttf©ffi©±xa j E-©ia 

^TltfftVJilSoirf*. ■P|BHt«CJ:oTK*» 

x:g-Tx«-y->x;^^Kft»flTtt© t T i i'Si;fi-r3 - 

tCJ:«HS^*fW©KS©±T©Bft«»B±3n. « 

[0 0 19] -f^>-fr: 1 /->i:^**@©W©3l*tt 
«©*«ttffi©ft***ft*fc»fc§|ji*««iraWT? 

*»*tt©««»riG«i!i<if«#ica«*nfc«^ - 



( 
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[0 0 2 0] R*»«ftHCA*'f*>t;-AOll*B. 

#^«=f ac i o TM#*rfl-0ttir*J(fl fc Wf a« 
;ViH L £'f:fr>fk , /->a i £. «g©ft$©?l&*«® 

[0021] -r^->K4©^ffl©rc»(c^ffl^ti-5^'f 

fiftflrH-i: U 7 I'i? h O Xreflectron) i&RitZi 

f?5t(t iie-of-fl ight)Hft»«f ttr* D . »«»«rfH: 
itALfc-f # >B5fe-f«i««(f ie 1 d-f ree)«*>)c£-£il 
&T«iaU *HT?JS»«(fcS'r-E-©iiil*|fil* { 25t»-5 

tust i o T«*ttfct«H s ft*. 

[0 0 2 2] U7V^hO>©^S»i, I^UKSSWI- 
^^nt"'J7U^ (-n>0APT&g**£5'f*:>'«> 
Sl^ti-fflAPMa^e^aJSgSTC^SfRfT^K 
^*MMlCl^i;T*-5t^o&gSf&ffi«T5. tfctSEW 

UPtl8IWTftT. ittfcMiS^APSSrt^ffilSftSfc 
[0 0 2 3] Sftm«®«TSt>n5lg8i^jgEit<i©^S 

fr^n & c ©a* t « ^ cftirr 4 fc» c t # 

c:©fcJ6-y->7 f Jl/^i*^>^§l^€«^e.S 

^e.n-5dt€«*T^. w*. 3i#s®©*#Hic-e 

o T1" * Mb 7- > ©+M * < S ft 3 E fc 
[0 0 2 4] *%^©jf*l/^S8«ICfe^T, 

ttfi-ef^rt * ftfe y a*m<£1 ©fc© fcjftts n*. c: 
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**u^-#x*©i^>7^#?£&a-f5fc© 

©SIBfcioTJiJSSft, dfflgS«< **'J^-;tfX 
©X2!^©*»fc«fc 9 'J t- ^f^O»*8f[*»fr 
■S/Xlk ^©K'KKiD^U^-flT.git©^:^ 

7 r ;p^©3J?6<K*Wkm RS^Srfh RtfSlii 

>/-> (^A'UA'-^xsgttyx^aiPiiPSB^e,© 
sen (x) *»*<ft*ic"3nTifiT , r*) 

■^-^jaattyx^apiinas^eoEiB (x) #a 

#©is<ic^s^n5. 

[0 0 2 5] *^BJ©ggtt. ^vUt-^oMISW*: 

v/->t^tf-Ay->©ra©«^j5T-y->y;i^ 

T-T^MkA^C, -t-dTSWM^'f sfXkfc&Sfctii 
*St*tt**JS:*irU-\?— ^i*fi*»afsaft. *^'J 

W©Ktt©*SftM5etillf*«2 4~3 7. 4 0-4 7 
ffli«-P*D,. ■€■©»*«. »*52~2 2k:HjgbT 
±EKBJ9i3ft-0>3. 

[0 0 2 6] 8C«fc.5*^©gS©IB%tt, 
§ia**ffi©^®©^T7'l'^>fc«t-3Taf»SSft» 
nicioT-f^MkbfcS^ ^*^>ik > /->©^iai 

»CJD3$S ft-f t - © V- >ro^5 »C*^n-5 i V> -3 fcfi 
Bf^gft-rs. r©ci«. §ia*S8i©*1.TSf 

[0 0 2 7]'»*^3 9{C<t-2.*^BJ©SS©M^tt< 
*fl«)ag©^ffi©^Tg^lC«t 0»»S:SltT-€-fttCi 
E@ $ ftfc-T * >ft V- > t ^lii^ttffi©*^ iciiDjt ^ 

c©ctn wiaimwsfflfcttwiiaiMffttcjiA 

[0 0 2 8] *58|JflD!10ia©1«Rt*Bftt» ^©lft?g 
[0 0 2 9] 
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#T*Sg 1 /H 7*14, Rt«fll5»Cii«ftl6]tOfai7S* 
1-5^ 2 716S«*, % 1 /W 7*14©!»15 £ S 2 A 
-f 7l6©«ftl7tt. 4>*®«l8*^/W7l4<J:16©rtS5IC • 

[0030] ip&mm&frZ-tizmzfzmiJU xw© 

±«KH20tt. »l/W^14tH«-C-tOitStt351^ 
<X<fcD*£^Rfttt;bA-22K:J::3TBJCSn£. * 
A-22©Sffitt£lA^Xl4i5>e>BittT^3fc«K #A* JO 
-22»fl>Ltf4*©Htttt3ae#24£$*.. £#$24© 
1 A-f 7l4ffl(*15fc¥frfcfflS, # A-22©ffiH 

ifc< i a^ XMwwis^e^usggBT. tvmzn 

^©^fc^tt-tfttHtt&aH K»26***U ^© 
S 1 A< 7"14t::Pttfc#&©tttt U >^28©fl-g«CU 0 
[0 0 3 1] «S*#^Dy^30tt^-f H»26K«fflL 

7*d y ^SOOSRWIC J: 0 . »&tt»7a 9 ^30*«S^«c 

iSKrtawsns. * i /h ^i4Kra«tt«f an« 

T#*t#A-22©±ffi»CttUT&&»::LTPI!P*8£ : fU 
TSflricHSStiS. ^d-X34©g«, 'J>fc<thW 

34©i^ a 'J > nw&w \z ct o xgfls-r * - 

[0 0 3 2] »»tftt'J >^28BP3J£#A-7> 

TES^ : F'I^<. 3dt/W 7*38©±*g§B3&a. 21 
©SftA'f 7*38«. *A-^-h36i:^tt1?-€-n«tt) 
Itfi*»/ha <> ^A-XU- h36©Tffi*6T^ 
tf, »6ftlt , J>i'28!6I!), $&fc^D-X34, #A 
-22©HP$> RtfJBlW Xl4©±gB20£»!3, 
«^©±$Cifi^ I f'*ffl«14T&fc-5. 40 
[ 0 0 3 3] £tt/Vf 738ft, -tCrtWCEtSnfcA 

^^/x^4o*T*cTX»-r4. a*;u7VXjV4o©£ 

Tz. ttlPXU-h42tt, M^ffitgO. 5mmS«-T5 

a;u7V x;uo©t*©ta □ H psw^ 

[0 0 3 4] /WX/XMOtt. figppJtg&X'I'^l'T 

<H«*n IC. «'Jffll7l'> (HS-tt-f) tioTffl* 
Sfti. >VV7JXMW\Q$IQU\$> £8/HX38 50 
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t^©A-f^««J&7-r>46lC e koT*^'Jt-**^ 

[0 0 3 5] «f>*«ttl8a» ^T^lCMtf-SH 1 A-f Xl4 
©Tfl5Eil48tt. T$S50TSgl*2g#>X (E^-ti-f) 

©■y-^->3>gP(cg^$ns, t>&&msfrttizj£zf 

■5SB 2 A-f Xl6©£^ K@i52«. Jg 2 A-f X16C 7 5 > 
vJg^L/fcU7l^7 KD>Ra»flrtt56ffl«fi54»C±o 

[0 0 3 6] U71/7 hn>56ti. £2A-f Xl6£Hffi 
TUtJitgSWU SSg54A»e»nfc*8S60tJ:t>Tffl 

i; en-ss^A-f xssstt**.*. *£aw xssti^frT? 
u >^«amffi62*t. s8S6<HM©X2A-r X58©¥# 

©4>(;:@Eg£ft£>. JSg54fc:H - r ; 5J*2§A-f X58©## 
««fci5HT, tt#geCfl^£#>XA-YX64#K£ 
A-f X58©* ICgBOl" 5. #>XA-f X64hL TiS65T 

[0 0 3 7] ^2yHXl6C.ffi-rsM©*g54H, ff§2 

a-t xi6 ti^-ren «t v ^itgi&wr-s^asA-f 

X66<£5£»1-S. *^5 L Y>A-12©tf«C§g$ttJ5ttttl 
A-fXSSHilfltfStu *tB/WX66©*K:Bltan& 
ij >^-f *>ttfil8674ftj#l/. iftia^-f .X66B*© 
«Sg5^*SS54Sjr^TSE^A'f X58S:gBP U U 7 U£ 
SD>56lrM1"/5 = 

[0 0 3 8] H2KS-rj:5K» ttffl^-f 7*66©BB«MH 

-f X68^ff A L. ftAA-f X68B^ajA-f X66»C[p)$l6 
•C. -f it y \L- Limit? V >A'-12^ S&WA-f X66 
fcADiit»CtS?II6C-r<&. S^^>A-12©*IC 

SHfi^nsAA'f X68©«s?b, j enti^tt©-r^>7 

-f >-fe>U>X(ion einzel leas)69 IC^OH^n. Z. 
Cffi3S-ofc*7-69b SfilAS. 

[0039] -iiryr^y^)wyX^<D^-ty%^ 
Wit. ffiA7^-rX68©ttt-a-r«i -i^yr-i y&i 
uyxmt, au>^©§ia*«ffi7i©4>SS^70©§BiS[ 

««C®0Htn, ^©SS^ttftAA-f X68t|II$ftT?» 
4. fSniSIXKWOB, W^tfl. 3cm©^-S^* 
L, fi#JICffl^fc#7-72£{tA, j]7-72(Dftm 
ft, *7-69b ©f^gi:gA/t'rX68©(*3g»C-S:b, 
#7-69b A^6*7-72©E«a, JtS^-V Wt-12rt 

-8T-5. :©:itt. 4*>7't >-K;i/U>X69©« 
-f^>^(CfiiS^^tTU>^69b ii^M-r-s 

[0 0 4 0] «t>2SB«*BH70tB«©BIPM 
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cplC, <:*>7<>ttWI/>X69©jfcjft74#**. 

B. j:©KStHtt©£fl*Jg3ia*«ffi71(Dii^}g(fru 
stuB-shapeW^y^ercA^THUStl*. Z<b?i>7 
B, -f *>t-Aaa^O+*©AP?L78**U, ^© 

mb. +an«ttKH7o*6a^*#»? : y^76©a 

[0 0 4 1] Sfc, 3l&#Sffi710*2HffittKiB7O 

b. tan««KH7oc!)ii«j:oeT**^rtg**r"r 

ST ± "5 fc* >A-120**«ttl8# SSKE 

« 5* 2 7 r 16©£#KS82tt, H«tt* A-84fc± 

*A-84©rt«tt, H2teSt\fc3fci »2;W.^l6fc 
H*ftat>T5ia*««71fc'bH«lT, 3l&*tt@71© 

+sn«BH7otRii;iiffft*T*»fii«tB8o+$n 

[0 0 4 2] #/t-84#6*WBffl"C. #fft€S88©ft 
7 ^90 1 J:^ T*aRffi«KlB86««H b £*l£o 

B, it>^niBKiB86^6ati«-&»9 L y^9O0«ffi(OS 
»|RlSiS88©*^niBK1186tt, 

[0043] gia*«fi7i©«t-&^? L y^76t*HRimffi 

-;UF96te«fcoT50H*tU +ffiH«#«5/-^ F96 ^ 
B, *;t-84i«A/W^66©^-XfcS»Sn. 

[0 0 4 4] +5fe<B«18CS)*T» »«v-JH*96B* * 
^U^-^^86(DJt8&©2(s:gttlcnjg0APlBP8S98 

XJU40KffiU JBi/W:/i40*i5fcM 

□398 (8ll/WXl4©T^BBlc®U H«lc*i/T 
-f ^14©IHl5i:W*) , I/— If- tf-A 
KH#0APWIP»1O2 (*l/Vf*l4©*15i«2/t 4? 
<^16©*17CD|CSKt«afil*OW06 tBO) * & 

oci/^-if-tr-A©fcft©*a»tn»©fflPBiP9io 

[0045] Wio6 B, AWVXU— tf-108 (KS?* 
>/t~i2©*MceH) 0#tt?*!K -t©I/— tf-K- 
A110 B, 1/>X114 (U— If— 108 £»06 Jt©» 

mmmw) \z±?Tmm (Wi5> i7> Rtfioe 

©XAfcttBT*) «S?tWH 
2<Di©*©&112 £li&T£o 1^116 Sloft^ SO 
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k-if-t-AHO (CORBreBRIMt) B, SB1* 
112 0ftM*fctttt*« 2*118 *aoTStfJ(4 

[0 0 4 6] A;i/^b-if-i08 B« Aji^yxjwoft 
)\,wtnmz#z>?Ltim%z>o set-, 2 1 0 

-4 0 Onm©i;57i#S©SSI5ffirtTI/-if-108 
B^H*n^Ct*«Tfr. HK£> £U 0 6 W/cm 2 
©maiegT0!l;Ltf l~3mJ ©y^WX^^-feft 

[0 0 4 7] *«9!©*ftB, ^Ut'- 

^(cbT^JS^n^o attic. »£^+>/t-12*«Sl 
X£#>Xfc<fcoT, J*S/Vf:/58#SS2*£#>:/fc 
J:^T-®tC^n^ti$5l 0- 4 Pa (lO-UU/t- 

[0048] *tB-r ^^it>X;i/^*^*^nfc+^ 

B, ^a-^ttftj&^'f >46^«fc-r. 

(Hast) fc«toTA;^/X;woftB»ta- -r*fc 

iSCfcftJ&^-f >46©E*Po («, 1- 0 13X10 
5 Pa (1SJE) ) O + tUt-^^ BSD m> 
0. 5 mm) ©/W^/X;M0©fflPBBP«44«:aoT 
Ka?^ >A-12fc«fflb> -tnKJ:oT» 1 /W ^14 
O*|15tH«rP^»Kl£3W**irU+-*^«120 *< 

>;\-i2j*iTfi£-r£. 

[0 0 4 9] £©**U^-#XaU20 B, HJPMPffl 
44*6 xt ©^$!©&<£T31tf£aSft > /->122 
t,' *K*l/->122 !C«<UlPBBP»44* 1 5$6k* 
^ffiBx©#?b!~Ay->124 
>122 B> d©l/->rt^*^T8E«x^fi<&5Ht5 

Tf^ftW**. co*>^;i^o?WiB««EJi 

^fc^^-f^ >ft (resonance enhanced multiphoton io 
nization) ©jSffl©&»fca* b < . 9AB. MilffiS 
W»1KI:, lsrtiffiaia«*«ftKk:aab*:^tU- 

[0050] ^cit, m^©iE«xi tarfttf. 
y t - tiz&Trdtt-vft < u->x;^ feftfifflsca 

: pe-Al/->124 tCiS^T, ttJP|BPgS44*e>©iES 
x*J*6Kft<&oTfe*^U^-^fliE120 ©^S© 

*3wwtr*fca«r, bps comb, tiru^-* 

^Sitl20 ©n«»»«KJ:tjTE*x©-»ti»ifc«b 

[0051] b*b&3ws, **u+-#****ifctf 
a bfc-u- > ^;i^f©»«© - ©<k -5 afiTsas b < 
?4<, SAB. ttfflfiSlittfflSn^^osSft^R 
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[0 0 5 2] CCT. gSsfcttBEilx, ©HDfcjO* 
0, ftoTtf>X)!/# : f©'f d©KSI©iS< 
©>/->Tjfjglw|l3iSns. £©Btt©fc#. U—if 
-f-A110 ©£,6116 aVWXy'XJMOCitiPlBPlS 

44*'6i»xi ©en**-*-**?. *«^ttmt»»An 

tf. ftAlU <Dm<D-(*>tt.V->126 38*. *1r'Jir 
-^XSS120 ©*R#7->122 t^k'-A'/->12 JO 

4 ©H©^«-ist&g-rssT. ssee) wj >^28& 
y x^4o««^a*iB]icEssns. 

[0 0 5 3] /XJMOB, #a->-;PF96!C^i:gtns 
ST?T*tBBtt1"5J:t* J t?#S. tmtftfllAB^ cm 

©*«**t-sfc&tf. yx;M0©tflPHP«44tii^ 

1 1 6 © ffl © gg SI B £ «t * 2 c m £ 1? ffi S> ? Z. t * J T # 

s. ^jSSHx, b. /w:?vxjwo«»»sii\ 'J ^ 

[0 0 5 4] Anderson tFenotCj: -5 <h. /XMOSSil 

?-.5»»©Wfc«1"*Eitf^****^y' N 8 M 
, ». 7;P^>©J;5^M^XIC^^TB. &£© 
Jc^t. yX;m@D (cm) Rtf /XJUziSffi^tt* 

S.R. Goatest C.H. Lin, Applied Spectroscopy Revi 
ews,25#. 81~126 H) . 
Mt = 13 3 (Po D) (1) 

^cJ^lCtko T / X;W0©tB p W P«S*^ ©SEi8 xtMf 

M = A (x/D) ■-' (2) 
CUT, fl^tfTJl^^^y^AO^JMUFF** 
•J + - #*©«£. *fSft«ftatt5/3, ifcflfcftAtt 
3. 2 6t?*5. 

[0 0 5 5] «*TyAftMi tSUif-f^Hxr 14. 

(2) ©TyA*MC*fcVyAjRMT.*ftAU Mi 
©5* (1) ©*5aiCg#^X.5^i:tCJ;-DT*©6n 40 

5, HOIS*, J*5WW6tl«. 
. xi = 2 6 0. 6Po°- 6 D'- 6 
Z.Z.V. Po ttftff. DttcmTSJfU xt licmT 

■^A6na. /XJUciSffltsi. 01 3x10 s Pa 

©JSEAtO. 0 5 cmro/XMSSfc:*^ 
T. «3|A«7>^>^ , J'7iA©i'5^lf^*'V , J1' 
-#XTB#J2. 2 cm©gilSgSSx7 d^btlS. 
[0 0 5 6] -it>itV->l26 <S:fflPMP$44©fBJ© 
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6ft-f*>»^jS«. *n6£-eEt4>&<£fc3cm© 
$©j£#D££t£fc&T'&3. *S5 L -V>A'-12©* 

-f *>fls7->126 tffiPKPg?44©iaiC$5»Cffi 

[0057] cncau ^+ui'-^^*©-y->XJi' 
^^tfl-rsfcd©*^w©Sfiio©ii9iE©ji«itfe 

V>T. -f^>-ft;7->126 tfflPPPSB44©ra©T^S§ 
BIB. §§IC2 cm^TlcTtf-6^t^T#-5tp^Rf! 
#H->-^F96©¥#©*tCioT*RWIC^^Sn 
■5. ^©rtB. /XM0©aiPMPS544*e)¥^ffiSI 
x©-f ^->-ft;7->126 £. gSlffiUxr t^¥b<XB 

< t tiifi < icggg vimv h% zt &mm- 

[0 0 5 8] 7;U=f>+fUt - -^^CO^T. 0SAB* 
1 0 0 ti®(DSXJVffla&ffflV>W:. u-V'-^xai2 

0 »ije#«*»j«-r«. *ntni*K:*i»8iB (Bran* 

f) CtoTl/— tf-108 ©U— tf-y«Jl/XA^SlL, 

i/— tf— t— Alio #**-r5ii£ii6 ©jaa©^^-> 

It7->126 fc*V»T. *"Bffiii#ft3t?'f*>'fk(REM 

pi) t±oTD->XJk9- : P©'f*>fl:^*+ , J^-^x 
±©3t^£MT5ri:t;:®jE#ffiKe#U 
ot^®«I*5-f*>fl:3H. D->X)l/»^'T^>^ 
[0 0 5 9] ^©ft-f^MbB, HffljBca^ 

-r^Wt;7->-i26 ©i^—tF-x^v^-^Kro^^lc 
ioTiSfeen-So uct. •y->x;i^ : ?©as&'f^ 

[0 0 6 0] -f ^Mt;7->126 ©-y->X)i/«-TB±ig 
IC, Ip-5Mjiiia-r*51K. HigfiSTSKST^S 

^^-^^x^jl/^-XB-^c/h^a-^roSSfS^ 

jt-fecaietttt^oistfWMtaoT-iJ-^x 

[0 0 6 1] 6&x*)^-tt#^lC@*Tfc5£©, 

1^-^-108 ©SS^bfcioT^WiC'f^Mb^n 

«lC«fcoT*tU^-^«E120 *S*fc3l8&n, BP 
*®W(C-e©lft©iE^^[6)C. AP5L78£aoT?l 
ii*S®71©^lC?f?l6n^. H2B. 3I*«^©^« 
ffiffil28 5S*©^T> ^m&S128 tl£toS'(*>& 
SS130 4»*©»tnr*bTt»5. 
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[0 0 6 2] gia**S71fc»lRj«fi88©#ai8ttClEl 

?L92^a^T*f^es88o)^fcgi^tn, zoft&tt 

MfcS^fit -f *>ft x /->126 XB3lii*W710* 
KioTJPaStU #fl*«8#S3Sbfc;i 

120 cBl*&t\ +^u^-#x&^xft##^ui 3 ' -a? 

[0 0 6 4] gia*«S71B, *©£H0SB 

#M:t>fb7->126 (D^iCfp]^^®^^t^:^fc 

fit, -f *>fls7->l26 ©^i^Sreric, -*H«k:B 
5lii*«ffi7188^ & ^n£> ©STO** u *r 

xfittf>70i^s<*>fca* 

[0 0 6 5] *fl6«ffi©««*^«ff80t94^±r>T, 
g|3i*«ffi71t«»»fifi«ffi80©W, aiWlWW88t 
^*JgJEj&«ffi94©HO<Z)^efi[ffil28 ttflE*82tt, 

HCililt gia*SS71t*flRl*S880 

*ate«©flw*fcav^*©*«ttBi28 *t>fcsu 

%tcZ(DCt\Z, *f*>fb % /->126 <DXyi?m®fr*> 

©fcfti}->^;i^ : F'f*>^APa78SaoT5ia*« 

[0 0 6 6] g|*««©0e»#tcfcO, *f*>8»13 
0 ft, 5lii*«SrtC!)5lii*«ffi71©iatt±0*lSEA 
T5b^o #«5/-;H«96tt, /XJW0*«5I*«I©B 

(B»«tt*«a5 2:i*i»Jtl"*. ms/-juh96, gi 

a*fBttC»#tt»|fij*S88, Rtf**»lft*ffi80£94 
Sfiffl-r^fiBf*^ #^W©gmo©&Jft!i$HCck£^ 
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Jg©ftft«fi88#ffiJ8SttTlr>£. -e©ffite, ME©* 
RBflOBBHWDBBtHCt?**. 
[0 0 6 7] H3fc*^T»i*«tt5-f >128 #[slfe*f 

u hi t2ic*Lfc«it*^T, gi*««fci6i;fc 

SfH-cfcth <*>«K130 3&«, g|&*«ffi7l<o«tt± 
©$J5#H;:-/&T* SB^*>7^>^)^>X^(0M 

*>ii&&130 fit, *©jfc©iBSfc*^T, B2fcH<t> 
*>©*Bffiffil31 tf*.T«t-f*>7^>Wl^>X 
69©«*lCJ:oTAP/H^68©«I^SEoTU7l^^ h 

[0 0 6 8] «jft74*B&"fv fcT^^>7'f>€;i/ 
1/ > X69 C «fc o T U 7 1/ £ h □ y 56© tt fc¥ff fc S ft ft 
jj^tif>^l^flt BPHMH073KctoTU7l/^ 
hD>56AP>'W7 P 68{CiS^t^<$n^o HP 

i24>©a#^x©*ttft?**gia*«ff7i*aoTU 7 

1/^ hn>56icA'9^T J E-c:©S^^<1"^cta^ 

-So 

[0 0 6 9] 4t>7'(>V)Vl'>Xfflzi:&-4ir>1& 

K130 ©IWfrfcte. -f^->l/->126 ©j£#Dtf*. * 
f U -f-#Xffrtl20 &fc*oT&*ttTfc< l->Xb:-A 

gS10©!&*&<> Aa/X-f ^68*aoT.U7l/* hn> 

[0 0 7 0] AP/'M'7 P 68£jIoT'J7l<'? hD>56(C 
* 766S, >A'-12(ClR]^fcJt$/H y 

[0 0 7 1] MSJi(fiel(l-free)S^©fRffffl^ 

S62tB®«ai«a62-7K*wcK<ao. 
Miim® 62«itA^r-5u- > * > t » t t-« 



19 

snow*!*, zz?*»mn&fi®i$&#mtt>7 

n>56©ttK:3*l/Tia^6fil*TttftS^a/hTtt&^ 

[0 0 7 3] fc^/y^f X0tt£&&TS&a, 
y X^/t J[/X Xtt I/— -tJWWX fco T2ft A 6 ftfc-l' 

^fr^W*^ MH34 „ 
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